AdditIonal Keyphrases: variation, source of enzyme activity rat brain CK-BB3 is observed infrequently in patients' sera. The variety of patients with benign and malignant diseases in whose serum CK-BB has been observed is summarized else-
where (1) (2) (3) . Serum CK-BB has not become a useful clinical test owing to its poor clinical sensitivity and specificity in such patient groups. CK-BB may be a tumor marker (4) , but it is a poor test, even in patients with stage D metastatic cancer of the prostate (5) . CK-BB probably enters the peripheral blood in most or all ofthediseases mentioned above,but it is seldom detected in these patients, owing to at least three known factors: (a) It is the least stable of the three isoenzymes of CK and loses activity rapidly at 37 #{176}C (6) . (b) It is transformed in vitro in the presence of serum or plasma, and probably also in vivo, to a form that migrates like CK-MB (7) (8) (9) (10) (11) . (c) It is cleared rapidly from blood, having a biological half-life of only about 3 h (12).
Most electrophoretic methods for CK isoenzymes require incubation at 37 #{176}C, and they have relatively low analytical sensitivities (13) . Proposed mechanisms for the transformation of CK-BB include a decrease in net negative charge on the protein and not a change in structure or antigenicity (8, 9) , binding of a substance of low molecular mass to CK-BB, or some alteration of the free sulfhydryl groups of the protein (8, 10) . We had two objectives here: to determine which factors enhance or retard the transformation of CK-BB, and to find a way to stabilize CK-BB in serum at 37 #{176}C. 
Materials and Methods

Tissue Preparation
Brains were promptly removed from adult albino rats, killed by ether anesthesia and exsanguination. a In all cases, the reaction mixture contained 0.8 ml of serum, 0.1 ml of rat brain extract, and 0.1 mL of the reactant whose concentration is shown. bAll CK and CK isoenzyme activities are expressed as percentage of the total CK activity at time zero. Thus all total CK activities at Oh are 100. The CK activity still remaining at 0 or 4 h is all CK-MM. C Serum in this experiment was frozen and thawed before use. The pH shown is that of the final reaction mixture. ' Pooled serum from one normal volunteer was dialyzed in cellophane dialysis bags vs 154 mmol/L NaCl-3 mmol/L NaN3 for 48 hat 4 #{176}C. #{176} Present in equal concentration. The fresh serum was pooled and storedin5-mL aliquots at -20 #{176}C until needed.
Serum and Plasma Collection
In Vitro Experimental Design
We examined the change in electrophoretic behaviorof CK-BB after incubation in a given matrix as follows. We added 0.1 mL of crude rat-brain extract to 0.9 mL of matrix as described in Table 1 to produce the"reaction mixture." The additives used were of reagent grade, in the concentrations specified in Table 1 . Succinic and citric acid were dissolved in distilled water and the pH was adjusted to 7.8-8.0 with 2 mol/L NaOH. Aspartic acid, glutamic acid, cystine, and ferric chloride were dissolved in 1 mol/L HC1. Cysteine, N-acetylcysteine, 2-mercaptoethanol, cupric acetate, magnesium acetate, zinc sulfate, and Na4
EDTA were dissolved in distilled water. All solutions were 100 mmol/L except the HC1 and were diluted with water before additiontothe testmatrix.
Total CK was determined within 30 mm of preparing the reaction mixture. A 2-L aliquot of the reaction mixture was applied to an agarose plate, and the electrophoretic migration also was begun during this time. We assessed qualitative changes in the electrophoretic isoenzyme pattern of CK from a scan of the electrophoretic gel. The reaction mixtures were incubated for 4 h at 37 #{176}C, and the total CK activity and isoenzyme content were then redetermined.
The 4-h time was chosen based on preliminary findings of detectable amounts of transformed CK-BB (i.e., CK-BB') after incubation of CK-BB with serum.
Stability Studies
The reaction mixtures described in Table 1 , part D, were analyzed at frequent intervals for total CK, CK-BB, and CK-BB'. The specimens were incubated at 37 #{176}C, and aliquots were removed for analysis during the 4-h study. Activity changes with time are shown inFigure1.
Results and Discussion
Stability of CK-BB CK-BB is very unstable in serum at 37 #{176}C under all the conditions outlined in Table 1 . A possible exception was dialyzed serum with or without added Cu2+ or Zn2+. Perhaps dialysis removed an inactivator of CK-BB, but this remains to be proved. All the carboxylic acids and thiols had little or no stabilizing effect. At 10 mmol/L, some of the thiols had either an inhibitory effect on CK-BB or promoted the inactivation of CK-BB. CK-BB lost the least activity at pH 7.20-7.45; however, the loss still exceeded 70% after 4 h at 37 #{176}C. Cu2+,Fe2+,Mg2+, or Zn2+ had no preserving effect, nor did EDTA with or without added Cu2, Mg2, or Zn2 prevent loss of activity.
We are unable to recommend any particular scheme to preserve CK-BB in serum. Our findings may not be applicable to endogenous human CK-BB in fresh serum. Perhaps, by using buffered thiols, a chelator, and reduced temperatures, involved incubation at 37 #{176}C. Lower temperatures and longer times should be used for incubating the electrophoretic gels with reagent.
Transformation of CK-BB to CK-BB'
Factors promoting or preventing transformation.
We saw the same transformation as others have (7-11) of CK-BB changing to CK-BB', a protein that migrates electrophoretically like CK-MB on agarose plates. This well-established phenomenon occurred under a variety of conditions ( Table  1 ). The rat-brain extract and pooled serum showed no CK-MB band before they were combined. We saw the change with CK-BB added to serum, dialyzed serum, and heparinized plasma. No transformation occurred when the rat-brain extract was incubated with plasma collected with EDTA or citrate as the anticoagulant.
When Ca24 was added to EDTA or citrated plasma, a transformation occurred, but only trace amounts of CK-BB' formed.
Rate of formation.
CK-BB' formed in significant amounts in the time between preparing the reaction mixture and first analysis, particularly at an alkaline pH orinthe presenceof Cu24 orZn2+ ions. We judged from thedatashown inFigure 1C thatthe reaction ineach ofthe variousbufferswas complete in 90 mm.
Stability. with EDTA should also be examined. Whether CK-BB' can be reconverted to CK-BB must also be determined. The present study has answered a few questions but has raised others. Two reports intheliterature describe the appearance of CK-MB in patients with cerebral disorders (17) or acute brain injury (18) . Could the CK-MB have been transformedCK-BB insome ofthesepatients?
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